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Mo#va#on  and  approach
•  Interpreta>on	  of	  aerosol-‐cloud	  interac>ons	  from	  space	  is	  difficult.	  
• How	  to	  separate	  aerosol	  from	  all	  other	  effects?	  
• Nevertheless,	  apparent	  systema>c	  rela>onships	  can	  perhaps	  be	  diagnosed	  at	  
global	  scales,	  especially	  with	  respect	  to	  radia>ve	  signals	  

• Breakdown	  by	  “cloud	  regime”	  (representa>ve	  of	  similar	  cloud	  condi>ons)	  may	  
help	  streamline	  the	  analysis	  

• How	  to	  define	  regimes?	  
•  Exploi>ng	  cloud	  appearance	  from	  space	  is	  one	  op>on	  
•  Should	  pose	  some	  constraint	  on	  environmental	  condi>ons	  

• Our	  “Cloud	  Regime”	  (CR)	  of	  choice	  is	  based	  on	  CTP-‐COT	  joint	  histograms	  
•  From	  MODIS	  (you	  may	  also	  know	  ISCCP	  “Weather	  States”)	  

• Radia>ve	  signals	  primarily	  from	  CERES	  	  
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strongest large-scale ascent environ-
ments, has the most Cb’s, while CR1 has
most Ci than any other regimes in accor-
dance with what is visually conveyed by
its centroid. If the fraction of high- and
mid-topped clouds was to be inferred
by the sum of Cb, Ci, and fractions, then
the first three CRs are in a category of
their own, with about 70% of their com-
position coming from such clouds. CR4–
CR6 have the largest fraction of Ns.
While CR4 and CR5 cannot be discrimi-
nated by their combined fraction of Sc
and Cu, CR4’s more stormy nature is
exposed by more Ns and Cb clouds.
Figure 5 also confirms that CR12 is
hardly a cloud regime with only shallow

clouds; as its centroid suggests, high proportions of middle- and high-level clouds are also found, albeit in
small absolute numbers since the CF of the regime is so low.

4. CR Cloud Radiative Effects
4.1. From CERES

For our basic results we largely follow previous choices and practices on how to present CR radiative effects in
terms of CRE. The grid cell CRE (for either the LW or SW or part of the spectrum and for total = LW+SW) is
defined here as

CRE ¼ Fall-sky " Fclr ¼ Ac Fovc f pc; τð Þ½ & " Fclrð Þ (1)

where Fall sky is the radiative flux for amixture of clear and cloudy conditionswithin the grid cell, Fovc (mainly a func-
tion of pc and τ) is the radiative flux (irradiance) of overcast skies, Fclr is the corresponding flux for “clear” (cloudless)
skies, and Ac is the grid cell cloud fraction (reserved for the grid cell value, as opposed to the physical variable CF).

When using the SYN1deg-Daily data, we composite (i.e., average globally using latitude as weight) only grid
cells occupied by the same CR for both Terra and Aqua; these special grid cells represent 25.4% of the

total number of grid cells analyzed
(~435.5 × 106). This approach was dis-
cussed in O14 as essentially the best
available (but certainly imperfect) cri-
terion for identifying persistence of a
particular CR within a grid cell. Except
for this condition, the compositing is
rather straightforward since both the
CR and the CERES SYN1deg-Daily data
set are available at the same temporal
(1 day) and spatial (1°) resolution and
for an identical time period. Results
shown in Figures 6–8 convey three
basic results, the position of each CR
in SW/LW/total TOA CRE space, the
percent contribution of each CR to
the total SW/LW/total planetary TOA
CRE, and the contrast between the
LW CREs at the TOA and SFC which
provides insight on each CR’s average
radiative cooling or warming effect

Figure 4. Liquid, ice, and total CF for each CR derived from compositing
gridded MODIS Ac values. The total Ac values are slightly above the sum of
liquid and ice Ac because of pixels of undetermined thermodynamic phase.

Figure 5. Percent fraction of cloud types within each occurrence of a
MODIS Aqua CR for which CloudSat cloud-type information from the
2B-CLDCLASS product (as aggregated in the C3M data set) was also
available. The last bar “C3M” shows cloud-type fractions for the entire
Aqua CR data set for which there is spatiotemporal overlap. Standard
two-letter abbreviations have been used for the various cloud types, namely,
Cb= cumulonimbus, Ci = cirrus, As = altostratus, Ac = altocumulus,
Ns = nimbostratus, St = stratus, Sc = stratocumulus, Cu= cumulus.
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Datasets
•  12	  years	  of	  Aqua-‐Terra	  L-‐3	  daily	  (D3)	  1°	  data	  

•  	  Collec>on	  6	  

•  Joint	  histograms	  of	  CTP-‐COT	  
•  MODIS	  CRs	  from	  k-means	  clustering:	  

• CERES	  SYN1deg-‐daily	  clear	  and	  all-‐sky	  fluxes;	  CREs	  
•  AIRS	  L3	  spectral	  cloudy	  and	  clear	  OLRs	  

• Other	  cloud	  variables	  from	  MODIS:	  CF,	  CTP	  (CTH),	  COT	  
• MODIS	  “Dark	  Target”	  AOD	  (no	  AI	  over	  land,	  no	  CCN)	  

•  50°S-‐50°N	  
•  “High	  volume”	  study	  



Methodology
•  Daily	  MODIS	  aerosol	  AOD	  defined	  for	  each	  

gridcell	  from	  Terra	  and	  Aqua	  (neighboring	  grid	  
cells	  can	  be	  used)	  

•  Define	  rela>ve	  AOD	  (posi>on	  within	  
distribu>on	  for	  that	  loca*on/gridcell	  and	  
season,	  independent	  of	  CR)	  

•  Iden>fy	  CRE,	  CF,	  CTP,	  COT,	  CER	  vs	  collocated	  
aerosol	  for	  each	  CR	  occurrence	  

•  Average	  all	  values	  within	  the	  same	  AOD	  
percen>le	  and	  for	  the	  same	  CR	  

•  CERES	  SYN1deg	  fluxes	  are	  daily	  averages,	  AIRS	  
at	  1:30	  pm	  

•  Generally	  different	  CRs	  for	  Terra	  and	  Aqua	  for	  
the	  same	  day	  and	  gridcell	  
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LW	  CRE	  increases	  with	  AOD	  almost	  always	  

AOD=0.1	  

0.2	  



SW	  CRE	  increases	  with	  AOD	  almost	  always	  



Joint	  PDFs	  of	  LW	  and	  SW	  CRE	  (ocean):	  	  
peaks	  shiH	  towards	  higher	  values	  and	  distribuLons	  widen	  

Low	  aerosol	  (1Q)	   High	  aerosol	  (3Q)	  



red	  arrow:	  consistent	  with	  invigora>on	  
blue	  arrow:	  consistent	  with	  1st	  and	  2nd	  indirect	  effect	  

	  	   Ice	  (CR1-‐CR3)	   Liq	  (CR6-‐CR11)	   Mix	  (CR4-‐CR5)	   CR12	  
	  	   Ocean	   Land	   Ocean	   Land	   Ocean	   Land	   Ocean	   Land	  

CF	   ⇑	   ⇑	   –	   ⇑	  
COT	   –	   ⇑	   ⇑	   ⇓	   ⇑	   ⇑	  
CTH	   ⇑	   ⇑	   ⇑	   ⇓	   ⇑	  

SW	  CRE	   ⇑	   ⇑	   ⇑	   ⇑	  
LW	  CRE	   ⇑	   ⇑	   ⇑	   ⇑	  

CRELW, SW = CF[Fclr(AOD)-Fovc(COT, CTH)] 
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CRE	  changes	  are	  generally	  consistent	  with	  cloud	  property	  changes	  
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When	  normalized,	  CRE	  SW	  correlaLon	  with	  relaLve	  AOD	  weakens	  (ocean)	  



AIRS	  RRTM	  band	  8,	  1080-‐1180	  cm-‐1	  	  AIRS	  RRTM	  band	  2,	  350-‐500	  cm-‐1	  	  

Band Spectral  
Interval (cm-1) 	  
  
1.  100  –  350  
2.    350  –  500  
3.    500  –  630  
4.    630  –  700
5.  700  –  820  
6.  820  –  980  
7.  980  –  1080  
8.  1080–1180  
9.  1180–1390  
10.  1390–1480  
11.  1480–1800  
12.  1800–2080  
13.  2080–2250  
14.  2250–2380  
15.  2380–2600  
16.  2600–3260  



Global  spectral  CRE  
frac#on  by  MODIS  CR

far	  IR	  

near	  IR	   cloud	  tops	  rising:	  
•  far	  IR	  ra>o	  increasing	  
•  near	  IR	  ra>o	  decreasing	  



cloud	  tops	  rising:	  
•  far	  IR	  increasing	  
•  near	  IR	  decreasing	  

No	  spectral	  CRE	  raLo	  signals	  for	  high-‐cloud	  CRs	  



Ocean	  only	  

Devia>ons	  from	  straight	  line	  
indica>ve	  of	  non-‐CF	  cloud	  changes	  
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Spectral	  LW	  	  CRE	  ra>o	  

The	  full	  picture	  for	  a	  low-‐
cloud	  regime	  (ocean)	  



Take-‐home	  messages	  
•  Regime-‐based	  approach	  is	  suitable	  for	  diagnosis	  of	  aerosol-‐cloud	  
interac>ons	  at	  (near)	  global	  scales	  

•  CRE	  variability	  with	  AOD	  seems	  very	  systema>c	  (”good	  looking”	  
curves)	  and	  largely	  consistent	  with	  cloud	  property	  changes.	  
Interpreta>on	  challenges	  remain	  

•  CRE	  variability	  consistent	  with	  invigora>on,	  1st	  and	  2nd	  indirect	  effects	  
•  Despite	  use	  of	  rela>ve	  values,	  effects	  of	  any	  AOD	  retrieval	  biases	  
under	  varying	  cloud	  condi>ons	  remain.	  

• More	  details	  in	  Oreopoulos	  et	  al.	  JGR	  (2017).	  	  



QuesLons?	  


